Recurring forage and water scarcity in the Sahelian zone of West Africa, especially in the dry season, has led to increased livestock movement into Sudano-Sahelian and Sudano-Guinean zones in the region. This increased movement by transhumant herders has resulted in growing competition over natural resources. Despite the strong presence of transhumant herds in the Sudano-Sahelian/Sudano-Guinean zones of Mali in the past 30 years, there has been limited research on the practice of transhumance in these zones, compared to several studies in the Sahelian zone. In this paper, we present how various actors in two districts in the Sudano-Sahelian/Sudano-Guinea zones of Mali perceived the effect of transhumant practices on natural resource management. Results from the study showed that more than 75% of all categories of respondents in both study sites perceived a decline in availability of forage resources and water as a result of the increased number of transhumant herders in their communities. Furthermore, a greater proportion of farmers and settled pastoralists in both study sites responded that there has been a decline in species richness of the vegetation. In contrast, more than 50% of transhumant herders did not see any change in species richness of natural vegetation due to their presence. They argued that the observed decline in species richness of the vegetation is due to climate change. Education level, location and socio-professional categories tended to be the key factors influencing respondent's perception on the impact of transhumant practices on natural resource management. As the perceived impact of transhumant practices depends on socio-professional groups, it is necessary to engage all the actors on how to effectively manage the presence of transhumant herders, in order to promote sustainable use of natural resources in southern Mali. Besides, more research is needed to assess the validity of the reported perceptions in this study.
Introduction
Transhumance, defined as livestock production system characterized by seasonal and cyclical mobility of animals between complementary ecological areas (Niamir-Fuller 1999; SWAC/OECD 2007) , is one of the dominant livestock production systems in the West African Sahel. These movements of livestock are adapted to areas where natural resource availability is highly variable in time and space (Niamir-Fuller 1999) . There is a general consensus that transhumance is essential to maintaining ecological resilience of dryland ecosystems and ensuring livestock productivity (Niamir-Fuller 1999; Ayantunde et al. 2014) . However, despite the acknowledged advantages of mobility, transhumant practices in Sudano-Sahelian and Sudano-Guinean zones are facing increasing challenge in the context of demographic pressure, leading to the encroachment of cultivated fields into grazing areas and livestock corridors which constrains the mobility of animals .
The general trend of transhumance practices in West Africa in the recent past, as reported by Bassett and Turner (2007) and Umutoni et al. (2016b) , has been towards increasing livestock movement into SudanoSahelian and Sudano-Guinean zones. These increased movements have occurred for different reasons as observed by Bassett (1986) , Thebaud and Batterbury (2001) and Bassett and Turner (2007) . For example, the severe droughts of the early 1970s and mid-1980s triggered the southward expansion of livestock movements characterized by regular north-south pattern during the dry season to access green vegetation when it is unavailable in the north (Tonah 2003; Bassett and Turner 2007; Turner et al. 2014) . The southward movement of transhumant herds has been partly facilitated by better veterinary services at the destinations and national/regional policies that support transhumance such as the Pastoral Charter in Mali (Bassett 1986; République du Mali 2001; Tonah 2003 ) and the 1998 agreement among the 15 nations of the Economic Community of West African States (ECOWAS) (SWAC-OECD/ECOWAS 2008) on livestock mobility in the region. Natural resources are impacted directly or indirectly by this trend of increasing presence of transhumant herds in the Sudano-Sahelian and Sudano-Guinean zones. According to and Umutoni et al. (2016b) , the increased presence of transhumant herders in these zones has resulted in increasing competition over natural resources and may lead to natural resource degradation. Ayantunde et al. (2014) stated that stakeholders, mainly Indigenous farmers, tended to portray the transhumant practices as generally bad for community-based natural resource management (NRM). In some Sahelian countries, local farmers have been reported to complain that the transhumant herders overexploit the scarce natural resources, which may consequently contribute to environmental degradation (Folly 1997; Tonah 2003) . The most significant effects reported include increased incidence of uncontrolled bush fire and abusive cutting of trees by the pastoralists as well as overgrazing (Bernardet 1986; Folly 1997; Green and Tchinlé 2004; Ayantunde et al. 2014; Kiema et al. 2014) . Furthermore, according to Ayantunde et al. (2014) , uncontrolled bush fire is a major threat to sustainable natural resource management, which may have direct or indirect effects on the ecosystem of the endemic ruminant livestock in the West African sub-humid zone. Another reported effect associated with the herders' presence is the unauthorized grazing of crop residues by the transhumant herds, which may lead to conflict between farmers and herders . In this sense, some studies (Brockhaus et al. 2003; Moritz 2010; Umutoni et al. 2016b ) have reported an increase in conflicts between farmers and herders in the West African Sahel. Authors who have addressed the question of competition over natural resources and the associated conflict between farmers and herders in West Africa include Blench (1994) , Thebaud and Batterbury (2001) , Richards (2001) , Bassett and Crummey (2003) , Turner (2004) and Moritz (2006) . Some of these studies illustrate how increased competition for specific key resources has risen over the past 30 years. Some other authors such as Bächler (1999) and Homer-Dixon (1999) see this increased competition over natural resources as an important factor leading to environmental degradation in areas where livestock mobility has increased. Despite this trend, not many studies have been carried out to assess the impact of transhumance on natural resource management as perceived by the main actors (farmers and herders) in the Sudano-Sahelian and Sudano-Guinean zones of Mali. Assessing the impact of transhumance on natural resources in these agro-ecological zones of Mali is necessary to better understand the current situation and to identify strategies to address the challenges and to strengthen local natural resource institutions taking into consideration all the interest groups.
This study focuses on the perceived effects of transhumant practices on natural resource management at host communities by various actors (transhumant pastoralists, settled pastoralists and farmers). In this study on perceptions, we try to address the question as to what extent natural resources and social relations between transhumant herders and host communities are affected by the increased movement of livestock into the southern zone of Mali. Thus, this qualitative research attempts to address the following questions: (1) What are perceptions of transhumance and their impact on natural resources? (2) What are perceptions of relations between transhumant pastoralists and their hosts? (3) What are the factors influencing individuals' perceptions of impact of transhumant practices on NRM? The main objective of this study was to document the perceptions of key natural resource users of the impact of transhumant practices on NRM in southern Mali. Understanding perceptions of individuals is critical and can be used as a basis to develop more effective strategies to better manage natural resources. Understand perceptions can also strengthen relations between farmers and herders, to enhance the sustainability of transhumant practices and livelihoods of people who depend on transhumance.
Theoretical perspectives underpinning transhumance in the Sudano-Sahelian/Sudano-Guinean zones Transhumance is regarded as an important livestock production system in Mali as it involves 70 to 80% of national herds (Ham et al. 2012 ). Transhumance can be described as animal husbandry involving moving animals in ways that best exploit natural resources (SWAC/ OECD 2007; Adriansen 2008; Moritz et al. 2009 ). This system is based on opportunistic and seasonal exploitation of natural resources (Scoones 1995; Marty et al. 2006) . Transhumance livestock systems have been recognized as an efficient and adaptive use of dryland vegetation and water resources as explained by the mobility paradigm underpinning transhumance in West Africa (Moritz 2008; Ayantunde et al. 2014) . Niamir-Fuller (1999) and Martin et al. (2014) observed that livestock mobility is necessary to improve livestock nutrition, move livestock away from cropped fields, better calibrate livestock grazing pressure to forage availability and to enhance system-level resilience to climate change and variability. The common pattern of transhumance is moving the herds to access better quality pastures (Adriansen and Nielsen 2002) . Thus, for the selection of grazing itineraries, transhumant herders look for information on the availability and quality of pastures and the availability of water and crop residues. Turner et al. (2016) viewed transhumant herders' movements through the lens of a network of interconnected resources providing alternative options for travel, water and forage as herds move along a north to south trajectory, shaped by climate, cropping pressure and social institutions.
Generally, transhumance in West Africa is strongly associated with the presence of pasture and water, considered as primary pull factors towards an area. The pull and push factors or stimuli-response (Asse et al. 2010) are based on human migration dynamics that positive socio-economic, environmental and socio-political factors 'pull' transhumant herders towards a particular area and in parallel manner, negative factors such as feed and water scarcity, civil strife, 'push' transhumant herders out of a particular area. Studies by Bassett and Turner (2007) and Ayantunde et al. (2014) have shown that livestock movements in West Africa are oriented along a north to south axis to seasonally take advantage of different rangeland ecologies. Bassett (1988) observed that poor quality of pasture and the progressive drying up of watering places during the dry season led to increased movement southward by the transhumant herders to where good pastures and adequate water were still available. Transhumant patterns and regularity are quite predictable due to seasonal and spatial variations of resources (Bassett 1986) .
Despite the long history of transhumant herders' seasonal movements into the Sudanian zones of West Africa to take advantage of pastures and water, there are conflicting national policies on transhumance in the region; these policies are based on the modernization paradigm that sees mobile pastoralism as backward (Asse et al. 2010) . Hence, transhumance is considered to be socio-ecologically inappropriate in the Sudanian zones. From the lens of the modernization paradigm, there is no room or future for mobile pastoralism or transhumance in the Sudanian zones. However, the recent realities in terms of rapid population growth, significant increase in livestock owned by the indigenous population in the Sudanian zones and the settlement of many pastoralists in the areas, imply that livestock can no longer be considered as secondary in these zones.
Cooperation/interaction between transhumant herders and host communities has changed over the past three decades. As the supply of natural resources declines and/or the demand increases, competition over these resources becomes increasingly intense; this tends to affect the day-to-day relations between the transhumant herders and their host communities. As explained by Tonah (2003) , the relationships between transhumant herders and farmers' groups appeared to be generally harmonious and mutually beneficial in the past. As an example of this past good relationship, the transhumant herders developed economic exchanges with farming communities and utilized their superior herding skills to the benefit of both groups. Evidence from the past studies suggests that the demise of host-client relations (economic interdependency of herders and farmers) contributed to increasing conflict between the two groups (Blench 1994) .
In many countries in the Sahel, the growing distrust between the two groups resulted from competition over declining natural resources (Tonah 2003; Moritz 2006) . Particularly, there have been reported cases of conflict arising from the destruction of crops in the host communities by the transhumant herds (Tonah 2003; Moritz 2006) , which has contributed to deteriorating relationships between transhumant herders and local farmers. However, it has been observed that the stress of crop damage alone is not a sufficient condition for tension between the host communities and the transhumant herders (Bassett 1988; Moritz 2006) . On the linkage between natural resource scarcity and environmental degradation, Turner (2004) observed that the juxtaposition of resource scarcity and competition over exploitation in African drylands makes them a popular backdrop to causal statements linking scarcity to overexploitation and degradation, although this perspective has been criticized by political ecologists like Peluso and Watts (2001) . These authors reject the automatic, simplistic linkage between resource scarcity and conflict. According to Turner (2004) , farmer-herder conflict has often been linked to environmental degradation by the Sahelian people, particularly the host farming communities in the Sudano-Guinean zone. For example, farmers routinely present pastoralists as marauding groups overgrazing pasture and cutting down trees, which leads to natural resource degradation. However, the Fulbe pastoralists are united in their rejection of being responsible for environmental degradation in the host communities (Tonah 2003) . Looking closely at the root causes of resource degradation, institutional factors are much to blame as degradation is seen as a result of failure in managing common resources (Marty 1993; Goldman 1998; Turner 1999) .
Study area
This study was carried out in two districts, Bougouni and Koutiala, in the southern part of Mali ( Figure 1 ). Bougouni is located at 11°16′ 1′′ N and 7°20′ 51′′ W, and Koutiala is located at 12°38′ N and 5°66′ W. The study sites are characterized by a Sudanian climate with a mono-modal rainfall pattern of about four to five months. Annual precipitation varies between 750 to 1100 mm and 900 to 1200 mm for Koutiala and Bougouni, respectively. The two districts and the three study communities in each district were among the intervention communities of Africa RISING project in Mali.
Background
The project intervention communities are in the 'Zones of Influence' of United States Agency for International Development (USAID) Program in Mali, the donor for the Africa RISING project under the US government's Feed the Future Initiative. The overall goal of the project is to create opportunities for smallholder farm households to move out of hunger and poverty through sustainably intensified farming systems that improve food, nutrition and income security, particularly for women and children, and conserve or enhance the natural resource base. The Africa RISING project focuses on mixed crop-livestock systems. Transhumance is one of the issues being addressed as it is very important in the project intervention communities in Mali which are either transit or destination points for the transhumant herders from the Sahelian zone. Hence, one of the hypothesis of Africa RISING project in Mali is: 'Building social cohesion and local institutions for improved community land, water and grazing management will lead to reduced land degradation, forest clearing, and conflict over natural resource use'. In addressing transhumance issues, the project has worked on elaboration and formalization of the local natural resource institutions within the context of decentralization reform in the West African Sahel, and participatory management of conflict between the host communities and the transhumant herders.
The project study sites in Bougouni and Koutiala districts in southern Mali were selected based on agroecological potential and opportunities for intensification of the farming systems, and market access. The two study sites provide a good contrast in terms of market access and status of natural resources, which are essential to intensification of the farming systems in the region. Besides, the two districts are important for transhumance either as the transit or destination point for the transhumant herders from the Sahelian zone (Gao, Tombouctou, Ségou, Mopti) and the SudanoSahelian zone of Mali (Koulikoro, Kaye). These study sites are in the region with the highest agricultural production in Mali and where pasture resources are available especially during the dry season when forage resources elsewhere have been depleted.
Generally, Koutiala is a transit zone for transhumant herders from the Sahel while Bougouni is a destination point. This is explained by the length of stay of transhumant herders in these zones. The duration of transhumant herders in the area and their itinerary is largely dictated by the availability and quality of water and pasture. From a study conducted by Umutoni et al. (2016b) , it was reported that the transhumants' length of stay has sharply decreased in Koutiala due to the scarcity of grazing resources and lack of watering points. In contrast to Koutiala, the transhumants' length of stay has increased in Bougouni, where the transhumant herders can stay up to three months, due to the availability of fodder and water resources. In the study areas, farmers and settled pastoralists live in harmony as one single group. Besides, most of the settled pastoralists have been living in the study sites for more than 30 years, and they do have access to land for cropping.
The study areas' population is composed of diverse ethnic groups who historically have been identified as farmers or pastoralists. The main ethnic groups in Bougouni are the Bambara, the Peulh, the Sarakolé, the Malinke, the Dogon and the Bozo, of which the Bambara and Peulh are numerically dominant. The Bambara are an indigenous people while other ethnic groups, especially the Peulh, are immigrants who settled in southern Mali. Koutiala is a cosmopolitan town with dominance of the Minianka ethnic group, constituting more than 50% of the population, while the Bambara and the Sarakolé ethnic groups constitute 20 and 10%, respectively. The Minianka and the Bambara are considered as indigenous people in Koutiala. In both sites, the livelihoods of farmers are based on cereal (maize, millet and sorghum) production for household consumption and cotton, the main cash crop in southern Mali. In addition to crop farming, the people in both study sites are engaged in animal husbandry, keeping cattle, sheep, goats and poultry. Agricultural production in the study sites is largely rain-fed.
Methods

Data collection
Data were collected during the period when transhumant herders were present in the study sites (February to April 2014) to ensure inclusion of transhumant herders' perspectives. Focus group discussions as well as individual interviews were employed for data collection on transhumant practices in the study sites. The purpose of combining individual interviews and focus group discussions was to enhance data richness. This combination helped in achieving more understanding of stakeholders' perceptions. According to Gill et al. (2008) , qualitative methods such as focus group discussions and individual interviews are believed to provide a 'deeper' understanding of social phenomena than would be obtained from purely quantitative methods.
Focus group discussions
The focus group discussions were conducted with at least 10 farmers and settled pastoralists in each study community (Namposséla, Sirakelé and Zanzoni in Koutiala district; Sibilira, Diéba and Yorobougoula in Bougouni district) to document their perceptions about the impact of transhumant practices on natural resources in their communities. The participants at the focus group discussion were mainly opinion leaders in each community, selected based on the recommendation of the village chief and the mayor of the "commune rurale'. The participants have stayed in the community for at least 30 years, so are able to speak of the changes in natural resource base that might have occurred over the period. Only the persons resident in the study communities (farmers and settled pastoralists) were involved in the focus group discussions; therefore, transhumant pastoralists did not participate in the focus group discussions. Willingness to participate and ability to share their knowledge were other criteria that guided the selection of participants. The group discussions focused on assessing how transhumant practices affect natural resource management in the host communities and on how respondents perceived the cooperation/interaction between transhumant herders and their host communities.
Individual interviews
A semi-structured interview of three social groups concerned with transhumance in the study sites was carried out to collect information on transhumant practices and the perceived effects on natural resources in the areas. The target social groups for the study were the transhumant herders, settled pastoralists and farmers. Individual interviews were conducted with 177 interviewees randomly selected from the three target social groups (Table 1) . It should be pointed out that more farmers were interviewed in the study sites (Bougouni and Koutiala) because of their high number compared to the other groups. The interviewees were randomly selected from the list of household heads for each community, except for the transhumant herders where all who were encountered during the surveys were interviewed due to their small number. Only farmers and settled pastoralists who have lived in the study communities for at least 30 years were selected for the interview. About 10% of the farmers and settled pastoralists were sampled in each site, as recommended by Lapan et al. (2012) for social science survey.
Information gathered during these interviews included day-to-day relations and interactions between transhumant herders and host communities, and the perceived impact of transhumant practices on NRM over the past 30 years.
To document the perceived magnitude (extent) of the impact of transhumant practices on NRM, the respondents were asked to rate their perceived possible impact of transhumance on a scale of 0 (no impact) to 4 (very high impact) in response to a series of statements.
Very high impact: the impact of transhumance on natural resource management is perceived to be very high and is easily observable.
High impact: transhumance is perceived to have high impact on natural resource management.
Moderate impact: transhumance is perceived to have a moderate impact on natural resource management.
Low impact: transhumant practices has little impact on natural resource management.
No impact: transhumance practices has no impact on natural resource management.
Besides, we also collected information on the quality of relations between transhumant herders and farmers by asking people if the quality of the current relation between both groups was good, average, indifferent or bad.
The questions posed to the interviewees were openended. Each interviewee was first asked about the trend of different elements of natural resource management (e.g. incidence of uncontrolled bush fire, abusive tree cutting, primary productivity of vegetation, species richness, availability of water) in the community over the past 30 years. Each interviewee was then asked the causes of the perceived change in trend and the level of change. The farmers and settled pastoralists were never asked directly whether transhumance herders were the cause of any perceived negative trend.
We need to emphasize that this is a study on perceptions and the obvious challenge is collecting credible data based on perceptions of the respondents. To ensure validity of the perceptions revealed by the farmers, settled pastoralists and transhumant pastoralists, the survey was led by a local Malian NGO (called AMEDD) which has a good relationship with the study communities. The NGO has been intervening in the study communities for at least 15 years on different issues including child nutrition, natural resource management, farmers' field school and elaboration of local natural resource institutions and conflict management between the farmers and herders. Besides, conducting focus group discussions and individual interviews is recommended for data triangulation, to ensure reliability of the information provided by the respondents. Based on the abovementioned points, we believe that the perceptions revealed by the farmers, settled pastoralists and the transhumant pastoralists are genuine. Besides, the responses provided by the respondents are supported by relevant publications on the subject.
Statistical analysis
Data were analyzed with SPSS (version 20). Descriptive statistics were used to analyze interviewees' perception on transhumant practices and the effects on natural resource management. Chi-square was used to determine whether there is a significant difference between the two sites in the respondents' perception on the impact of transhumant practices on natural resource management. The recorded scores on the magnitude of impact of transhumant practices on NRM were used to calculate the average for each social group.
This study employed an 'ordered probit' regression model to analyze factors influencing respondent's perception of impact of transhumant practices on NRM in the study sites. This model estimates the effect of explanatory variables explained in Table 2 [location (transit zone, destination zone), age, gender, education level and socio-professional category] on dependent variables Transhumant herders 8 0 8
(incidence of uncontrolled bush fire, availability of pastoral resources, abusive cutting of trees, unauthorized grazing of crop residues, incidence of conflict, spread of invasive species, soil fertility improvement, loss of biodiversity (flora and fauna), annual production of vegetation) involving multiple choices with ordered response categories (decrease, no change and increase). The advantage of ordered probit model lies in the fact that it takes into consideration the difference among responses (decrease, no change, and increase). The model also assumes that the two respondents who give the same response do not have exactly the same attitude.
Results
Respondent's perceptions of effect of transhumant practices on natural resource management over the past 30 years
Our results showed that the majority of respondents perceive potential effects of transhumant practices on NRM. Their perceptions of the impact on different NRM variables are presented in Table 3 . In Bougouni district, 56% of interviewed farmers as well as 71% of settled pastoralists linked the increase in incidence of uncontrolled bush fire to the presence of transhumant herders in their communities. However, the transhumant herders did not agree with that as 71% of them reported that there was no link between transhumant practices and increase in the incidence of uncontrolled bush fire. In Koutiala, a greater proportion of settled pastoralists (67%) reported a negative correlation between incidence of uncontrolled bush fire and the presence of transhumant herders.
More than 75% of all categories of respondents in both study sites perceived a decrease in availability of forage resources and water over the past 30 years, partly due to the increasing number of transhumant herds in the communities. A greater proportion of farmers and settled pastoralists in both study sites perceived a decline in species richness of vegetation. However, more than 50% of transhumant herders responded that they did not see any change in species richness of vegetation due to their presence. They argued that the observed decline is due to climate change.
Nearly all farmers and settled pastoralists interviewed in Bougouni were of the opinion that abusive cutting of trees has increased in their communities in the past 30 years due to the presence of transhumant herders. Only 33% of transhumant herders agreed while 42% reported that the abusive cutting of trees was not due to their presence. In addition, the majority of farmers, settled pastoralists and transhumant herders in Bougouni observed an increase in unauthorized grazing of crop residues. In Koutiala, by contrast, a decline in unauthorized grazing of crop residues was reported due to the enforcement of rules regulating access to crop residues after crop harvest.
The distribution of the respondents' perception regarding incidence of conflict over natural resources revealed that 83%, 88% and 63% of farmers, settled pastoralists and transhumant herders, respectively, observed an increasing trend over the last 30 years due to transhumant practices in Bougouni, while in Koutiala district, the higher proportion of the respondents did not associate incidence of conflict with the presence of transhumant herders.
Another possible effect of transhumant practices on NRM reported especially in Bougouni was the spread of invasive species where about 95% of farmers and settled pastoralists perceived an increase in invasive species. The dispersal of invasive species' seeds was often through animals' skin or through faeces, according to the interviewees. The respondents in the focus group discussions reported that the invasive species have a negative impact on cultivated land, grazing area and natural pastures, as the invasive species constituted weeds and tend to replace good forage species. They also reported that invasive species sometimes result in the poisoning of livestock when consumed, due to their toxic content. The invasive species can also reduce the habitats of native and endangered species through the reduction of plant cover. Invasive species were also reported by the respondents to compete with crops for soil nutrients and water. In line with this, a decrease in soil fertility was mentioned in Bougouni by 49%, 82% and 42% of farmers, settled pastoralists and transhumant herders, respectively. An increase in loss of biodiversity (fauna and flora) was reported by 75% and 82% of farmers and settled pastoralists, respectively, in Bougouni while in Koutiala, almost all respondents did not see any association between loss of biodiversity (fauna and flora) and transhumant practices. In Bougouni district, the percentage of transhumant herders reporting a decline in annual production of vegetation (46%) was equal to those reporting no change. However, a high proportion of farmers and settled pastoralists in both study sites associated a decline of annual production of vegetation to the increased presence of transhumant herders. Table 4 presents in general the magnitude of the perceived impact of transhumant practices on NRM. The increase in abusive cutting of trees, incidence of conflict over natural resources and spread of invasive species were perceived as high in Bougouni by farmers and settled pastoralists. However, the transhumant herders perceived this increase as generally low. In Koutiala, both farmers and settled pastoralists reported a slight increase in abusive cutting of trees. The magnitude of the decline in availability of forage and water resources was reported to be high and moderate in Bougouni and Koutiala districts, respectively, by both farmers and settled pastoralists. The transhumant herders reported a moderate and a slight decline in the availability of feed resources as a result of transhumant practices in Bougouni and Koutiala, respectively. Generally, the increased loss of biodiversity reported was seen as low by all the three social groups in both study sites. There was a positive perception regarding soil fertility and transhumant practices in Koutiala.
Determinants of perceived effects of transhumant practices on natural resource management
The results of ordered probit analysis on the respondents' perception of the impact of transhumant practices on NRM are presented in Table 5 . Except for the variable 'availability of forage resources and water' , the likelihood ratio statistics for other variables as indicated by χ 2 are significant at 1%. The results indicated that socio-professional categories and location affect respondents' perception. Indeed, the ordered probit analysis revealed that education level, location and socio-professional categories were the main factors significantly influencing a respondent's perceptions of impact of transhumant practices on NRM. Other The signs "−" and "+" illustrate respectively a decrease and an increase for a given variable variables such as age and gender had no significant effect on a respondent's perception except for the spread of invasive species and species richness of the vegetation. Respondents in Bougouni were more likely to observe an increase in incidence of uncontrolled bush fire, abusive cutting of trees, spread of invasive species and incidence of conflict over natural resources than those in Koutiala. And Bougouni's respondents were more likely to report a decrease in the availability of forage resources and water, and soil fertility. The probability of observing a change in species richness of the vegetation tended to increase with age of the respondent. When considering gender, the results showed that male respondents were more likely than female to perceive a significant increase in the spread of invasive species at 5% level of probability. Furthermore, socio-professional categories appear to influence the likelihood of reporting an increase in abusive cutting of tree, spread of invasive species and a decrease in species richness of the vegetation. For example, farmer and settled pastoralist respondents were more likely to report such increase as a consequence of transhumant practices. In addition, the probability of reporting a change in incidence of uncontrolled bush fire increased with education status.
Perception of respondents on cooperation/interaction between transhumant herders and host communities
In Bougouni, 53%, 94% and 92% of farmers, settled pastoralists and transhumant herders, respectively, observed that the relations between transhumant herders and host communities were bad as at the time of this study while only 22% farmers and 6% settled pastoralists observed that the relation was good (Figure 2) . The respondents who reported bad relations between farmers and herders attributed this to conflict between both groups, which are becoming more frequent in the area, especially due to crop damages caused by animals. Some of the farmers stated: 'transhumant herders are our enemy, we don't really want to have any special relation with them, even when they are passing, we have ordered our wives to never interact with them, not even give them water'. In two communities in Bougouni district, respondents in group discussions associated the bad relations with the damages caused in the past by the transhumant herders. 'They have destroyed our forest, our harvest, grazed our crop residues without permission, and sometimes they blocked watering points deliberately' , reported by some informants. Some of the farmers interviewed observed that what matters most to the transhumant herders is to gain access to pastures and water for their animals and they do not care about their crops.
Some transhumant herders also shared the same negative views towards the farmers. For example, they said: 'Farmers don't like us; even when we are not responsible, they accuse us for every bad thing occurring in their communities'. 'We and farmers, we are like "dog and cat"' , stated by one of the transhumant herders interviewed in Bougouni. Both farmers and herders recognized that this was not the case two decades ago. At the focus group discussions, both farmers and settled pastoralists observed that they were in good relationships in the past but with increasing competition for the scarce natural resources, they see each other as competitors nowadays and this has increased the potential for conflict. In Koutiala by contrast, the majority of respondents observed that the relation between transhumant herders and host communities was either good or average. At the focus group discussions, farmers observed that they are in a good relationship with the transhumant herders ,partly due to the short stay of the transhumant herders in the communities as there are no longer enough grazing resources.
Discussion
The main findings from this study are that farmers, especially in the destination zone of Bougouni district where transhumant herders' presence is high, tended to have a negative impression of transhumant practices on natural resources. Similar negative comments by farmers on transhumant herders have been reported in other studies in the region where local farmers accused transhumant herders of being responsible for natural resource degradation in the host communities (Tonah 2000 (Tonah , 2003 . Farmers in this study attributed abusive cutting of trees, decrease in species richness of the vegetation, decline of annual productivity of vegetation and increase in invasive species to transhumant practices. This negative perception could be explained by the dominance of the ethnic groups who are traditionally farmers in the study sites and who recently started to see the transhumant pastoralists as competitors for their natural resources (Turner 2003; Ayantunde et al. 2014) . Our results agree with findings from similar studies in West Africa (SWAC/OECD 2007; FAO and CIRAD 2012; Kiema et al. 2014; Ayantunde et al. 2014) . FAO and CIRAD (2012) have reported a high incidence of uncontrolled bush fire in Mali, which has contributed to loss of biodiversity and decline in productivity of natural vegetation. Generally, transhumant herders did not share the same opinions as the farmers and settled pastoralists on the effect of transhumant practices on natural resources. The transhumant herders associated the observed change in natural resources in southern Mali to climate change and variability, and demographic pressure. This reaction of transhumant herders was also reported by Tonah (2003) , where the transhumant herders, mainly Fulbe herders, were united in their rejection of charges of involvement in environment degradation.
The majority of interviewees in both study sites were of the opinion that transhumant practices contribute to decline in the availability of forage resources and annual production of vegetation. The observed decline in forage resources could be partly attributed to the increased number of livestock arriving in the communities, which resulted in high grazing pressure. Indeed, the reported decline in palatable forage species by farmers and settled pastoralists in the destination zone leading to disappearance of some plant species is corroborated by the findings of Carriere (1996) .
The perceived decline in soil fertility due to transhumant practices in Bougouni (transhumant herders' destination zone) may be partly explained by a repetitive tramping of the soil by the grazing animals which may result in erosion and loss of soil nutrients. However, this response by the interviewees in Bougouni should be treated with caution as there is no evidence to suggest that grazing leads to soil degradation from previous studies. On the contrary, other researchers such as Ayantunde et al. (2014) have reported increase in soil fertility due to transhumant practices as was reported in Koutiala, a transit zone of transhumant herders, through the deposition of manure on the fields where they graze.
The perceived increase in unauthorized grazing of crop residues in Bougouni is due to weak enforcement of the rules governing the presence of transhumant herds and the absence of contracts between farmers and herders (Driel 1999) . In the past, farmers' and herders' relationship was based on a symbiotic relationship between crop farmers who benefited from traction animals and deposition of manure on their fields, and the transhumant herders who profited from grazing of the crop residues. However, this is no longer the case as crop farmers own livestock, and they use the crop residues to feed their animals. Where there still exists manure contracts between the farmers and transhumant herders, the length of stay of the herders for manure deposition on the crop field has reduced as the crop residue biomass for grazing has reduced significantly due to competition from the farmers' own livestock herd. Thus, the restricted access to grazed residues by transhumant herders has contributed to unauthorized grazing of the farmers' crop fields. This has even contributed to cases of conflict between farmers and herders in southern region of Mali (Umutoni 2016) .
Generally, the bad relationship between farmers and herders reported in Bougouni mostly stemmed from crop damages by the transhumant herds, according to the farmers and settled pastoralists. The transhumant herders attributed bad relationships to increasingly restricted access to grazing areas where they used to graze before; this is a reflection of weak local institutions. The cases of crop damage by the transhumant herds have been exacerbated by the proximity of crop field to the transhumant corridors and encroachment of crop fields into the grazing areas. Crop damage by the transhumant herds has been reported as one of the major causes of conflict between farmers and herders (Tonah 2006; Turner et al. 2011; Hellendorff 2012) . However, crop damages alone are not sufficient conditions for tension between the farmers and pastoralist herders (Bassett 1988; Moritz 2006) . In general, competition over scarce resources has been recognized among the causes of farmers' and herders' conflicts (Bassett and Crummey 2003) . Declines in economic exchange between transhumant herders and host communities might have also contributed to weakening relations between both groups, thereby leading to tension and distrust (Blench 1994; Tonah 2003) . This observation by the above-mentioned authors is applied to communities in southern Mali where the basis of transhumant herders' interactions with the host communities has been the exchange of milk, or other dairy product against cereals, which is no longer the case.
In addition, the deterioration of relationships between transhumant herders and host communities is also seen as sign of failure of the local institutions (Blench 1994; Turner 2004 ). The existing local institutions are sometimes behind in addressing the dynamics of natural resource use in response to demographic pressure and new economic interest. Umutoni et al. (2016a) found that the natural resource institutions in southern Mali are weak, as the majority of them are oral and the participation of the community members in their elaboration was low. Thus, this raises the need for the communities to reinforce local institutions which regulate access to natural resources and use by various actors.
The results of "ordered probit" regression analysis revealed that location, education level and socioprofessional categories are the main factors influencing a respondent's perception of the impact of transhumant practices on NRM in our study sites. The influence of location on respondent's perception might be explained by the differences in extent of the presence of transhumant herds between the two study sites (transit and destination zones). This implies that the presence of high number of transhumant herders in a community coupled with weak local institutions may likely provoke a strong negative perception of the effect on NRM by the host communities.
The fact that aged indigenous respondents are more likely to perceive a decline in species richness of vegetation due to transhumant practices may be explained by respondents' exposure to previous periods of abundant and rich vegetation in the past when there were less animals and a low grazing intensity. The influence of socioprofessional group on respondents' perception on the impact of transhumant practices on NRM might be explained by the fact that members of different socioprofessional groups pursue diverse interests which are sometimes competitive. The results also suggest that men are more likely to perceive increase in invasive species compared to women. This is related to the fact that men are involved in activities such as herding and fodder collection; hence, they may be better placed to observe emergence of new species. The differences in the perceptions of the host communities from the transhumant, particularly with respect to species richness, abusive cutting trees and spread of invasive species, indicate the challenge that will be faced in elaboration and development of local natural resource institutions acceptable to all natural resource users. This may also imply the importance of engaging a third party in the process of institutional development. In the study sites, there are some state agencies and non-governmental organizations actively engaged in facilitation of dialogue between the host communities and the transhumant herders; their aim is to enhance natural resource management and prevent conflict over use of the natural resources.
Conclusions
The study analyzed the perceptions of farmers, settled pastoralists and transhumant herders on the impact of transhumant practices on natural resource management in southern Mali. The main conclusions from the study are:
The presence of transhumant herds in southern Mali was perceived to impact differently on natural resources in the destination zone (Bougouni) and in the transit zone (Koutiala) by different social groups. Competition for natural resources between transhumant herders and host communities poses significant challenges for community-based natural resource management in southern Mali. Farmers and settled pastoralists reported a decline in the availability of forage resources, increase in abusive cutting of trees, conflict over natural resources and loss of biodiversity due to an increase of transhumant practices in southern region of Mali, especially in the destination zone. In most cases, transhumant herders differed from the farmers and settled pastoralists in their responses as to the impact of transhumant practices on NRM. Location, education level and socio-professional categories are the main factors influencing respondent's perception of impact of transhumant practices on NRM in our study sites.
Given that the perceived impact of transhumant practices depends on socio-professional groups, strengthening natural resource institutions is crucial for creating necessary awareness and to facilitate good natural resource management practices. It is necessary to engage all the actors on how to effectively manage the presence of transhumant herders to promote sustainable use of natural resources in the Sudano-Sahelian and Sudano-Guinean zones of Mali. In addition, attention should be given to the enforcement of policies governing livestock mobility and access to forage and water resources both at local and national levels.
